T he elbow, a complex joint, serves as the mechanical link in the upper extremity between the hand and the shoulder. The elbow functions as a caliper to position the hand in space for both fine movements and powerful grasping.
Loss of elbow function can severely affect activities of daily living. 1 The functional disability that results from elbow arthrodesis is the reason why fusion is rarely performed. Arthrodesis of the elbow results in greater functional disability than arthrodesis of the ankle, hip, or knee joints.
Historically, arthrodesis was performed when treating patients with tuberculous infection of the elbow. The reported fusion rate was approximately 50% for patients who underwent arthrodesis for the treatment of tuberculosis. Arafiles 2 described 11 patients, 6 of whom were followed for 2 years, with a tuberculous elbow. The technique involved an extensive debridement, total synovectomy with radial head excision, and insertion of a triangle-shaped olecranon into a similarly shaped hole in the distal humerus. Fixation was achieved with a single screw through both the distal humerus and the olecranon.
Fusion rates range from 50% to 100% with current techniques. Satisfactory shoulder function is a prerequisite, although it does not compensate for loss of motion in the elbow. Compensatory motion is seen more in the spinal column and wrist. A functional hand is also desirable when performing arthrodesis of the elbow. The optimal position for arthrodesis is debatable. Arthrodesis is mainly performed for severe joint destruction most commonly due to posttraumatic arthrosis, instability, or infection. Table 1 lists the indications and contraindications for arthrodesis. [1] [2] [3] [4] [5] [6] [7] [8] 
Fusion Angle
There is no ideal angle or position to fuse the elbow. The patient will experience significant functional limitations regardless of selected position. The literature suggests that the fusion angle lies somewhere between 45° and 110°. 9 Historically, 90° has been accepted as the best position. Factors to consider when choosing the position include sex, occupation, hand dominance, functional ability of the opposite upper extremity, and function-
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PhysicAl exAminAtion
A physical examination is performed to determine the procedure that will best serve the patient. The external appearance and the quality of the soft tissues must be evaluated. Determining whether a flap or graft is needed or even possible is the first step in identifying the appropriate procedure. A plastic surgery consultation may be helpful in determining the type of closure that would be most beneficial to the patient. It is also important to evaluate the function of the shoulder and the wrist of the same extremity. Poorly functioning ipsilateral joints may decrease the likelihood of an acceptable outcome for the patient. The neurologic status of the upper extremity must be evaluated and documented.
It is not uncommon for there to be brachial plexus or other peripheral nerve injury that needs to be taken into consideration. It is always pertinent to evaluate the vascular status of a mangled upper extremity. Blood flow distal to the elbow can be an important consideration when determining surgical procedure. Finally, the quality and quantity of bone available for fusion must be assessed. 
DiAgnostic tests
PreoPerAtive PlAnning
Preoperative planning should follow an algorithm similar to the surgeon's preoperative evaluation. Soft tissue coverage needs must be evaluated and must be part of planning. If needed, a plastic surgery consultation should be obtained prior to the procedure. Flap or skin grafting procedures must be performed prior to the arthrodesis. If a flap or graft is required, consideration should be given to stabilizing the joint with an external fixator prior to the fusion. The need for bulk graft with demineralized bone matrix and cancellous allograft or autograft must be considered. For large bone defects, autograft cancellous bone is preferable.
techniques
The elbow is one of the most difficult joints to fuse, primarily due to its long lever arm and strong bending forces across the fusion site. Several previous techniques [13] [14] [15] and current techniques 2, 3, 5, 6, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] to achieve elbow fusion are Table 2 and Table 3 , respectively.
the Authors' PreFerreD technique
The authors prefer to perform a step-cut osteotomy (Figure 1 ). The step-cut osteotomy is performed on the proximal ulna and distal humerus to increase the surface area for fusion. Bones preventing reduction of the osteotomy should be contoured at the desired fusion angle. The appropriate fusion angle can be verified using a sterile goniometer intraoperatively. It is often necessary to excise the radial head to allow for adequate reduction of the humerus and ulna. Remaining capitellum is cleared of articular cartilage and bleeding bone is exposed. The cut ends of the distal humerus are coupled to the proximal ulna. A K-wire will allow for a provisional reduction at the desired angle. Provisional reduction is obtained with 1.6-mm K-wires. The lag technique is used for compression across the osteotomy (Figure 2) . A 3.5-or 4.5-mm narrow dynamic compression plate is used to neutralize forces across the joint. A long plate with a minimum of 10 to 14 holes should be selected. The plate is bent and contoured to the dorsal surface of the distal humerus and ulna. Initial screws should be placed bicortical to pull the plate to the bone. The construct is only locked in case of poor bone quality after the osteotomy site is reduced and compressed. Locked screws used at the end of plates have been implemented with caution due to risk of causing a Table 4 .
Illustrative Case
A 23-year-old woman was involved in a rollover accident and presented with an open distal humerus fracture. There was loss of the majority of the articular surface, which became infected despite multiple formal debridements. Reconstruction with a structural allograft including the trochlea was attempted. Eighteen months after reconstruction, the patient developed instability and collapse of the articular surface. The patient was placed in a lockable range of motion elbow brace to determine her preferred elbow position. She preferred the brace to be locked at 60° to 70°. Preoperative radiographs demonstrated incorporation of the allograft but instability of the ulnohumeral joint with collapse of the articular surface (Figure 3) .
Surgical Technique
Existing surgical scars are marked and prior incisions are used whenever possible. The direct posterior approach is preferred for the elbow. However, the anterior approach may need to be considered if tissue is compromised posteriorly. If flap coverage is present, a plastic surgery consultation should be considered for exposure of the flap. The ulnar nerve must be identified and protected. All neurovascular structures must be identified in known areas before dissecting structures through areas of heavy scar tissue. Next, the dorsal surface of the distal humerus and proximal ulna is exposed. Osteotomes are used to "fish-scale" the exposed bone. The medullary canal of the humerus and ulna is opened. A step-cut osteotomy is performed on the proximal ulna and distal humerus to increase the surface area for fusion. The bone is contoured so that it can be reduced at the angle chosen for arthrodesis. It is often necessary to excise the radial head to allow for adequate reduction of the humerus and ulna. The cut ends of the distal humerus are coupled to the proximal ulna. The K-wire allows for a provisional reduction at the desired angle. Drilling is performed from distal to proximal for lag screw insertion (Figure 4) . Two or 3 lag screws are used whenever possible. A 4.5-mm locking plate, pre-bent at the chosen angle of arthrodesis, is applied posteriorly ( Figure 5) . The authors prefer a plate press over bending irons. The plate can be bent to the desired angle using a goniometer. The plate functions as a neutralization device as the compression is achieved with the lag technique employed for screw placement. The plate is pulled down to the bone and secured with cortical screws prior to adding locked screws if needed (Figure 6) . Again, caution is necessary when using locking screws at the ends of the plate to avoid a stress riser. Fluoroscopy is used intraoperatively to check the position and fixation of the construct. The final construct should be well compressed at the fracture site and the plate should conform securely to the bone at the desired angle of fu- n tips & techniques sion (Figure 7) . Finally, the wound is irrigated and closed. Placement of 1 to 2 deep flat drains should be considered. Final radiographs should be obtained intraoperatively (Figure 8) .
Postoperative Care
The drains are removed prior to hospital discharge. Intravenous antibiotics are continued for 48 hours or longer, depending on the results of intraoperative cultures. An infectious disease consultation may be necessary depending on intraoperative culture results. At 2 weeks postoperatively, the sutures are removed and the arm is placed in a long arm cast. Serial casting should be used. Continuing casting until radiographic evidence of union should be considered. A custom functional brace can be fabricated if skin hygiene is an issue and to allow for bathing. The authors' recommendations regarding this technique are presented in Table 5 .
Discussion
Elbow arthrodesis was originally most commonly performed for joint destruction from tuberculosis of the elbow. 2, 5 Given the improvement in medical management, arthrodesis is now rarely needed for tuberculosis of the elbow. 18 Indications for fusion most commonly include elbows that are severely injured with resulting bone loss, infection, articular surface destruction, painful loss of motion, elbow instability, or failed total elbow arthroplasty. 3, 5, 10, 11, 18, 25 Elbow arthrodesis is a reasonable option to relieve pain and maintain some, although limited, function of the extremity. 3, 5, 10, 11, 18, 25 It is a salvage procedure, used only when other surgical options would likely fail, and thus is not commonly performed. 11, 18, 25 Therefore, the literature on this topic is limited and mostly involves case reports or studies with small numbers of patients. Only 3 studies have included more than 12 patients. 10 Due to the paucity of cases, there is a lack of consensus on the single best way to perform an elbow arthrodesis. 11, 18, 25 Fusion rates are reported to range from 56% to 100% using compression plating and external fixation without one superior technique. 18 Fusion of the elbow is technically difficult to n tips & techniques achieve due to the significant forces acting across the elbow joint.
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The technical aspect of obtaining a fusion of the elbow has changed significantly over time. In 1923, Steindler 13 reported a technique that used bone graft without internal or external fixation, followed by several months of immobilization. In 1979, Müller et al 17 and the AO recommended a compression technique of the joint surfaces using a partially threaded cancellous screw from the olecranon to the humerus with additional compression provided by an external fixator. In 1986, Rashkoff and Burkhalter 11 described successful fusion with anterior or posterior compression plates when used with iliac crest bone graft. Within the past 10 years, most of the literature has continued to recommend anterior or posterior plating with or without external fixation as well as other novel techniques. Posterior plating is most commonly reported, although anterior ulnohumeral compression plating has also been described. 3, 5, 10, 25 Other reported techniques include external fixation combined with internal fixation using a cancellous screw with washer and iliac crest bone graft, 3 unilateral external fixation with daily advancement of flexion until 90° is obtained, 5 single or double fibular grafts to bridge bony defects, 18 and a latissimus dorsi flap with an attached vascularized rib graft for bony deficit. 8 Ozer et al 23 reported that the 3 main challenges to elbow arthrodesis were the choice of ideal fusion construct, whether to use bone graft, and the ideal fusion angle for a functional arm. An optimal fusion angle of 90° for a unilateral fusion has generally been recommended. 26 Tang et al, 12 in a study consisting of 24 healthy volunteers, examined the function of the elbow by measuring activities of daily living and personal care and hygiene tasks in incremental ranges of motion from 30° to 130°, using a functional brace. They found that functional scores regarding difficulty with activities of daily living and personal care and hygiene tasks were best with flexion of the elbow at 110°, followed by 130° and then 90°. On further analysis, these results showed a statistical difference favoring 110° over 90° regarding activities of daily living and personal care and hygiene tasks plus activities of daily living, but no significant difference with personal care and hygiene tasks only. Ideal elbow position remains debatable and needs to be addressed on an individual basis, with personal activities, occupation, age, and dominant vs nondominant handedness dictating the optimal angle for each patient. Extrapersonal and lower extremity activities favor a position of less flexion, whereas interpersonal care and hygiene activities favor increased flexion.
12 Table 5 Authors' Recommendations Regarding Their Technique
Step-cut the bone to increase the surface area for healing n tips & techniques conclusion
The authors have described a previously unreported technique for elbow arthrodesis using a step-cut osteotomy. They believe that the inherent stability achieved with a step-cut and the increased surface area for healing will yield a higher fusion rate. When performing this technique, compression must be achieved with lag screws across the fusion site after the desired angled has been achieved. The forces across the joint are then neutralized with a plate. In cases of osteoporosis, a locked plate can be used. When there is no concern about the bone quality, a standard compression plate is selected. The authors prefer either a large fragment 4.5-mm narrow plate or, in the case of a smaller patient, a small fragment 3.5-mm plate.
Elbow arthrodesis is not a common orthopedic procedure. In cases where it is necessary, the authors believe that their technique using a stepcut osteotomy offers a reliable way to achieve a high fusion rate at the desired fusion angle.
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